Objective: Evidence of a relation between use of lipid lowering drugs and cognitive outcomes is mixed. This study aimed to test the association between use of statins and incidence of dementia and cognitive impairment without dementia (CIND) over 5 years of follow-up.
The primary treatment benefit of statins is considered to be the reduction of low densitylipoprotein cholesterol (LDL-C) levels. [1] [2] [3] [4] [5] [6] [7] [8] In most trials of cardiovascular morbidity/mortality, statin treatment was shown to reduce cardiovascular events 20% to 30%. [1] [2] [3] [4] [5] [6] Other studies have indicated that statins have multiple actions beyond cholesterol lowering 7, 9, 10 ; these actions offer potential biologic mechanisms for the effect of statins on dementia. 11 However, the evidence has been inconsistent about the relation of statin use and cognitive impairment. 12 The pattern of risk reductions seen in epidemiologic studies [13] [14] [15] [16] [17] [18] [19] [20] continue to raise questions regarding the impact of statins on dementia. Earlier case-control studies [13] [14] [15] showed a protective effect of lipid lowering agents on the incidence of dementia. A later study 19 provided evidence that indication bias may have been present in the earlier reports. The second wave of observational studies showed the same pattern of reductions, although results of the main analyses were not generally significant. 16, [18] [19] [20] In this article, we report the results from the Sacramento Area Latino Study on Aging (SALSA), a prospective cohort study of older (Ն60 years of age) Mexican Americans from the Sacramento, CA, area. SALSA is an ongoing study, started in 1998 -1999, designed to examine whether vascular and lifestyle risk factors increase the risk of dementia and decline in cognitive and physical functioning. Our objective in this study was to assess the relation between use of statins and incidence of combined dementia and cognitive impairment without dementia (CIND).
METHODS Participants.
A detailed description of sampling and recruitment in the SALSA study has been published. 21 Briefly, eligible study participants were community-dwelling, non-institutionalized Latinos, primarily Mexican Americans, aged 60 years and older in 1998 who lived in the Sacramento area. About 49% of the participants were born in Mexico or another Latin American country. A total of 1,789 participants were enrolled in the study. Each participant answered questions about lifestyle, depressive symptoms, acculturation, and medical diagnoses in the language of choice at the participants' homes. At baseline, 115 participants had dementia or CIND so were excluded from analysis of incidence rates. Of the 1,674 remaining eligible participants, 130 developed dementia or CIND over 5 years of follow-up.
Exposure measurement. Statin use, including dose, duration, frequency, and source, was ascertained at each participant's home at baseline and updated on a semiannual phone call and reviewed and updated at each annual visit by direct inspection of all prescription medication. Medication codes were assigned by trained study staff using the Centers for Disease Control (CDC) Ambulatory Care Drug Database System (http://www2.cdc.gov/ drugs/). Statin use was defined as use of any drug in the class of HMG-CoA reductase inhibitors including atorvastatin, cerivastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin, and simvastatin.
Other covariates. Other covariates included baseline measurements of diabetes status, previous stroke, education, nativity, smoking status, insurance, and APOE genotyping. Participants were considered to have diabetes if they met any of the following three criteria: fasting plasma glucose (FPG) level Ն126 mg/dL (7.0 mmol/L) (fasting was defined as no caloric intake for at least 8 hours) or use of an antidiabetic medication or self-report of a doctor's diagnosis of diabetes. Previous stroke was obtained by medical history. Smoking status (current, former, never), nativity, insurance status, and years of education were obtained during interviews in the participants' homes. APOE genotyping was done using buccal cell DNA. The method for genotyping followed a modification of PCR amplification/HhaI restriction isotyping method.
Outcome measurement. Cognitive testing and evaluations
were performed yearly at each annual follow-up visit. Dementia was diagnosed using Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) 22 and National Institute of Neurologic and Communicative Disorders and Stroke-Alzheimer Disease and Related Disorders Association (NINCDS-ADRDA) criteria. 23 The Modified Mini-Mental State Examination (3MSE), the Spanish and English Verbal Learning Test (SEVLT), the Spanish English Neuropsychological Assessment Scales (SENAS), and the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) were used in a multistage process to evaluate participants for cognitive impairment and dementia. Participants were referred for further evaluation if test scores from the SEVLT test were below a prespecified threshold (Յ77 3MSE or Յ 5 Word List Delayed Recall) or had decreased from baseline by Ն 8 points (3MSE) or 3 points (Word List). Accuracy of the screening test for identifying dementia for those participants meeting criteria and a randomly selected subsample of the entire population was examined by sensitivity, specificity, and positive predictive values examined by status. There were no differences in the sensitivity or specificity of the screening criteria for detecting dementia whether the sample was selected randomly or met screening criteria. 21 A single case review team including a geriatrician, neurologist, and a neuropsychologist adjudicated all potential dementia cases. All participants were classified as normal, CIND, or having dementia by the adjudication team. Diagnoses were established on the basis of neuropsychological test scores and IQCODE scores, but also included the history, mental status examination, and findings from the neurologic examination when available. DSM-IV criteria 22 were used to establish a diagnosis of dementia. Cases with dementia were referred for MRI and appropriate laboratory tests. Prior to any analyses used in this article, dementia and CIND were combined into one variable: dementia/CIND. Those who were initially CIND but who progressed to dementia were classified as CIND and their follow-up time was calculated based on the date and age of CIND diagnosis. The use of the combined endpoint (incident CIND with incident dementia) improved statistical power. It also allowed the analyses of the clinically important cognitive changes which may occur over the considerable heterogeneity of the expression or onset of dementia. Longitudinal studies have shown that individuals diagnosed with mild cognitive impairment (MCI) have a much higher risk than cognitively normal people of progressing to dementia or Alzheimer disease (AD). 24 In addition, the use of incident CIND (thereby excluding any participants with baseline evidence of CIND) may reduce indication bias since earlier studies showed that statins may not be prescribed as often to individuals with signs and symptoms of dementia.
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Statistical analyses. Cox proportional hazards models were used to assess the association between statin use and the risk of dementia/CIND. The time variable was participant age, 25 and participants were considered at risk for dementia/CIND in the analysis beginning with their age at study entry. 26 Ties were broken using the discrete option in PHREG; the discrete model assumes that when two or more events appear to happen at the same time, there is no underlying ordering. Participants without a diagnosis of dementia/CIND during the 5-year study period were censored in the analysis at the age of their last available contact up to and including visit 5. Any statin use was modeled as a time-dependent variable with values of 0 at times prior to exposure and values of 1 after exposure began. Once statin use was assigned as 1, values did not return to 0, even if statin use was stopped. Other lipid lowering therapies (i.e., fibrates, niacin, dietary supplements, or bile acid sequestrants) were not catego- rized as statin use and were therefore assigned a value of 0. If the participant had a diagnosis of dementia/CIND, the statin exposure must have occurred at baseline or at visits prior to the diagnosis; therefore, statin use for all participants was counted up to and including visit 4 to ensure consistency between those with a diagnosis of dementia/CIND (since exposure had to have occurred prior to diagnosis) and those without. Potential confounders were tested as fixed covariates and included gender, education, medical insurance, nativity (born in the United States vs Mexico or Latin America), smoking status, presence of at least one APOE 4 allele (a major genetic risk factor for AD), and baseline blood pressure, history of stroke, diabetes, use of antihypertensive medication, and cognitive test results (3MSE and Word list Delayed Recall Trial). Baseline comparisons between groups were made by use of Fisher exact tests for discrete variables and a t test for continuous variables. Models were checked for the proportional hazards assumption graphically and with statistical tests. All statistical analyses were performed using SAS version 9.1.
RESULTS
Of the 1,674 participants free of dementia or CIND at baseline, 452 (27%) took statins at some time during the study. Forty-three participants (43/1674 [Ͻ3%]) were on lipid lowering therapies other than statins at any time during the study, including fibrates, niacin, dietary supplements, or bile acid sequestrants; these participants were counted as no statin use. Of the participants who used statins, 58% (n ϭ 263) used them for two or more years of the study. The demographic and baseline characteristics for those participants who used statins during the study and those who did not use statins are shown in table 1. The two groups were comparable with respect to gender, smoking status, history of stroke, presence of any APOE-4 allele, baseline blood pressure and use of antihypertensive medication, and the Word List Delayed Recall Trial results. Participants in the statin group were slightly younger, had more education, a greater percentage were born in the United States, and more were covered by medical insurance. A greater percentage of statin-treated participants had a history of diabetes at baseline, and higher mean baseline 3MSE scores. Participants using statins experienced a significantly greater decline in LDL-C than those not using statins (Ϫ5.34 g/dL per year, p Ͻ 0.0001).
A total of 130 participants developed dementia or CIND over the 5-year follow-up period (58 CIND and 82 dementia [10 of the CIND progressed to dementia]). No participants were reclassified from CIND to unimpaired, or from dementia to CIND. CIND cases were reevaluated by the adjudication team until they converted to dementia. Dementia cases were also followed after diagnosis but not reevaluated by the team so any reversions would not be observed. No CIND cases converted to normal during follow-up. Etiology was recorded for participants with dementia: 48% had possible or probable AD, 23% had undetermined etiology, 13% had ischemic vascular dementia, 13% had mixed AD or vascular dementia, and 3% had other. Table 2 provides a summary of the overall number and percent of incident dementia/CIND cases by visit, as well as statin use, deaths, and number of participants lost to follow-up over the 5-year follow-up period. The figure shows a flow diagram of participants at baseline and at follow-up by statin use. Table 3 shows the results of a series of Cox proportional hazards models (unadjusted analyses and two adjusted models) used to examine the relationship between dementia/CIND, use of statins, and each of the significant baseline covariates listed in table 1. Baseline diabetes, stroke, years of education, smoking status, presence of any APOE-4 allele, and 3MSE score were all significantly associated with dementia/CIND in unadjusted regression models. Of the covariates significantly associated with dementia/ CIND, baseline diabetes and stroke were also associated with statin use and were therefore included in model 1 as potential confounders. All significant covariates were included in model 2. There were no significant interactions between statin use and any of the covariates. In the unadjusted analyses, statin use was associated with a 43% lower rate of dementia/ CIND. In model 1, statin use remained associated with a 48% lower rate of dementia/CIND. In model 2, with all important covariates included in the model, rates of dementia/CIND were 44% lower in statin users. Although baseline 3MSE score did not predict statin use, and there was no interaction between the two variables, we stratified model 1 on median 3MSE score (Ͻ88 and Ն88) to determine whether the protective effect of statins on dementia persisted in both the low and high functioning groups. We found that the relationship persisted in both groups (Ͻ88 median score: HR ϭ 0.546, 95% CI ϭ 0.327, 0.912; Ն88 median score: HR ϭ 0.444, 95% CI ϭ 0.200, 0.988). DISCUSSION We found statin use to be associated with a significant reduction in the incidence of dementia/CIND among a representative sample of community-dwelling Mexican Americans which was unaffected by confounding for key covariates. Compared to our study, the results of other epidemiologic studies evaluating the effect of statins on dementia have been variable, [13] [14] [15] [16] [17] [18] [19] [20] with frequent debate regarding methodologic issues in these studies, including the presence of indication bias in early case-control studies. 12 It is striking to note, however, that risk reductions were seen in all epidemiologic studies, with the exception of one study. 19 However, the reductions were not significant in the main analyses of most of the cohort studies. 16, [18] [19] [20] Two major clinical trials are often cited as providing evidence that statins do not have an effect on the incidence of dementia: the Prospective Study of Pravastatin in the Elderly (PROSPER) 5 and the Medical Research Council/British Heart Foundation Heart Protection Study 27 ; however, because of methodologic limitations in relation to dementia outcomes in these two trials, the results of these trials are difficult to evaluate. Dementia incidence or cognitive outcomes were not preplanned endpoints in either of them, neither study included a clinical cognitive evaluation, and numbers of patients with follow-up information for cognitive evaluations were not reported in either study manuscript. In PROSPER a post hoc analysis compared changes in cognitive scores over a 3-year period between statintreated and placebo patients and found no significant differences. In the MRC/BHF HPS trial, 27 similar percentages of participants (0.3% in each-statin vs placebo-group) developed dementia during the 5-year follow-up period. The report did not state how the outcome of dementia was determined (e.g., reported as an adverse event or by follow-up phone interview).
Four cohort studies also examined the relationship between lipid lowering therapy (LLT) use and risk of dementia. 16, [18] [19] [20] All of these studies had differing study designs, and only one study evaluated statin use as a time-dependent covariate. 18 In the three studies using a single timepoint to ascertain statin use, the percentages of participants on statins were low (ranging from 4% to 12%). 16, [19] [20] In the study with design similar to the SALSA study, 18 similarities include the length of follow-up time (5 years) and the method of analysis (Cox proportional hazards models with statin use as a time-dependent covariate in the model). Some of the differences in this study include the outcome variable (dementia vs CIND and dementia), a lower percentage of statin use (17%), less frequent ascertainment of statin use (every 2 years), use of a pharmacy database compared to visual inspection, a population that was mostly white (91%), and an average age at study entry that was older (75 years of age compared to 70 years of age in SALSA). Of note, this study found that statin use may provide some benefit for younger individuals (evaluation of effect of statin use on dementia after stratification by age [Ͻ80 and Ն 80 years] and with one APOE 4 allele: HR ϭ 0.33, 95% CI ϭ 0.10, 1.04). 16, 18 Comparison of clinical trials to observational studies are made difficult by the kinds of participants that can be included in each.
The effects of statin use on the incidence of dementia/CIND seen in this analysis may be due in part to some of the methodologic strengths in this study. Important strengths include the prospective collection of data, including medication data ascertained by semiannual phone updates and annual visual inspection of medications (allowing for use of a time-dependent statin covariate in the model with evaluations at five timepoints including baseline), and clinical evaluation with adjudication of dementia cases used for diagnosis of dementia and CIND. There was a large proportion of participants with diabetes in this population with high risk of cardiovascular disease, and therefore these participants had greater overall statin use (27%) compared to most of the previously reported cohort studies. In SALSA, the annual follow-up visits were conducted from 2000 to 2006, during which time there was a significant increase in statin use in the general population as well as an increase in statin use among the elderly, especially following the issuance of 2001 Adult Treatment Panel (ATP) III guidelines. 28 During this period, adherence to statin therapy was also reported to be improved for patients with high cardiovascular risk or with previous stroke, albeit still somewhat poor (Ͻ60% 6 months after initiation). 28 The data from our study reflect these trends including an increase in statin use (9% at baseline increasing to 26% at visit 4; see table 2) and adherence to therapy (58% used statins two or more follow-up periods of the study).
Although we combined dementia and CIND to improve statistical power, longitudinal studies have shown that individuals diagnosed with MCI have a much higher risk than cognitively normal people of progressing to dementia or AD. 24 One of the potential limitations of this study is the lack of power to evaluate the effects of statins on specific dementia etiologies. In addition, while the non mortality loss to follow-up was generally low in this study (Ͻ17% overall), there was less loss to follow-up in statin users (7%) compared to nonusers (18%). In the nonusers group, participants lost to follow-up and those remaining in the study were similar with respect to gender, age, and history of heart failure, diabetes, stroke, myocardial infarction, and high blood pressure at baseline. Statin users had higher baseline prevalence of type 2 diabetes, myocardial infarction, and high blood pressure. There was no difference by use group for baseline heart failure or stroke. Although there are some differences in health status, we adjusted for these factors in analysis. The difference in mortality attrition by user group is slight. Statin users were only slightly less likely to die (14%) compared to the nonusers group (17%). Statin use was not associated with survival in a Cox regression model even when adjusted for covariates (HR: 0.92; 95% CI: 0.69 -1.20) among participants not lost to followup. Nevertheless, indication bias, differential loss to follow-up, and competing risk could bias the estimate of effect for statin use away from the null.
To date, there are no primary prevention trials of statins for any kind of dementia or cognitive decline in normal people. An ongoing trial of statins as potential treatment for delaying progression of AD 29 has not so far provided clear evidence of benefit. Additional questions and future research suggested in particular by this analysis involve the investigation of differences of statin use and association of dementia and CIND in individuals with stroke and diabetes, and the impact of statins on CIND and subtypes of dementia.
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